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DECLARATION OF Neal CHUNG Tai-Shung ^ 
Jng to U.S. Patent Application 10/710,869 Filed 14 November 2003 % 



1. I hereby declare that all statements made herein of my own knowledge are ^% 
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true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge ^ ^ 
that willful false statements and the like so made are punishable by fine or *q 
imprisonment, or both, under Section 1001 of Title 18 of the United States <fy 
. Code and that such willful false statements may jeopardize the validity of *~ 
the application or any patent issued thereon. 

2. I am a named inventor for the patent application 10/713,869 filed 14 
November 2003, entitled Polylmide Membranes (the Application") and 
as such have knowledge of the facts contained herein. 

3. I am a Professor at the Department of Chemical and Environmental 
. Engineering Department at the National University of Singapore. I 

specialize in membrane science and engineering, and in particular, 
. Bquid/gas/phannaceuOcal separation and high performance polymers. My 
curriculum vita is enclosed in APPENDIX I of this Declaration. 

4. i have reviewed the document WO99/40996 ("Document D1"). Document 
D1 teaches a process for forming selective composite membranes. The 
process comprises providing an asymmetric membrane base having pores 
in at least the upper layer thereof, and exposing the porous membrane 
base to a coating solution. The membrane base can be a polylmfde 
membrane. The coating solution comprises polymers and/or oligomers 
which forms a selective barrier coating on the surface of the membrane 
base and on the surfaces of the pores within the membrane base, 
Crossiinking agents such as non-polymeric or oBgomeric polyfuncOonal 
compounds can be added to the coating solution to crosslink the polymers 
and/or oligomers in the solution. 

5. The process for treating a membrane being comprised of polylmide, as 
defined by the claims of the Application, provides a treated polylmide 
membrane having high selectivity and high gas permeability which is 
suitable for use as a gas separation membrane or as a pervaporatfon 
membrane. The process comprises the steps of (a) directly exposing the 
polylmide to a dendrimer in a solvent and (b) maintaining said solvent 
containing said exposed polylmide and said dendrimer at a temperature 
less than 100°C and for a time to allow the dendrimer to crosslink the 
polylmide and thereby form the treated polyirnide membrane having the 
above-outlined properties. 

6. The feature of directly exposing the membrane of the type used In gas 
separation or pervaporatfon, the membrane being comprised of polyirnide, 
to a dendrimer (i.e., crossiinking agent) as defined by the claims of the 
Application is not taught nor suggested at all in Document D1. 

7. Furthermore, the process, as defined by the claims of the Application, 
results. in surface modification (i.e., only the surface of the membrane is 
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crosslinked) of the polyimide membrane, and not the formation of a 
separate selective barter coating on the polyimide membrane base as 
taught in Document D1 . 

8. It should be noted that in the process of Document D1, the membrane 
base has to be a porous asymmetric membrane base, which when treated, 
is suitable tor use as a Reverse Osmosis (RO) membrane,. Nano-fiitrgtipn 
(NF) membrane, UHra-fiJtration (UF) membrane pr Elecfrodialysfe (ED) 
membrane. Such membranes ana generally employed for the separation 
of liquid mixtures and are not suitable for separating gas mixtures In view 
of their pore sizes. For instance, the pore sees of ROi NF and yF 
membranes are typically 0.7nm, 1-10nm and. 20-2000 nm respectively, 
which ana too large for gas separation or peryaporation purposes. 
Accordingly* the feature of the membrane of the type used in gas 
separation or pervaporation, the membrane being comprise^ of pofylmltfe, 
is also not taught nor suggested at oll lr* Document D<L 

9. 1n my view, Document 01 does not disclose each and every essential 
feature of the claims of the AppBcaflon. Claims 1 f 4, 5, 8 to 1 5 f 17. 29 and 
30, In their OTrroitf .forms, are therefore novel over the Document D1 ; 

10. The direct exposure of the membrane of the type used in gas separation 
or pervapdr9tion r the membriane being comprised of polylmide, to a 
dendrimer .under the defined csondittons .results In a treated polylmide 
membrane having high gas permeability and high seledivrty* as can b& 
seen in Examples 1 to 3 on pages 9-15 of thaAppftotion, 

11. Although crbsslWdhg can modify the polylmide membrane to result in 
improved seierttvity, it can also result In densiflc^tfofc of the trtertbnarie 
wMch in turn reditees, permeability. As gas reparation ( niembmnies or 
pervapoiatlon .membranes ere generally of a den^b stabctuito, the 

. dehdrimer cannot penetrate deep into the membrane, structure and the 
*rossfinking ma<#Qn fe therefore limited to the surface of the menibrane. 
Abidingly, tie j^fflc *df the raemj^ne sta^ the crosslinked 

mertibraner sudgee remains unmodified or uhdensifled, Jha pofytmWe 
membranes treiated with the process as defined by the claims W ihe 
Applteatfcm therefore frave 

i2.Th$ technical advantages oiifflned in Stafemehts Id and 11 above 
resuiflng from the pfccess *s defined by the claims of tt\* Applioatfon are 
not taught npr^ggesfed at afl in Document D1 . 

i &As meh«oiied to Statement S above, Document D1 does not teach a 
process for treating a membrane of the type u$ed Jn gas separation or 
p&yapprafien, 4he rh^mbrane being comprised of p^lyfrriide, as. If is an 
f ssenbai «quir?n^m In the process Document &i that the membrane 
Jttee be porous. Furthermore, Document D1 also does not suggest the 
use of the selective pomposfte membranes fn the separation of gas 
noctures or in p^vdpbrisrtion. tn .my view; a sWiled technician who is 
ltooyfedge$bie fn Jhe.fiefd of membrane ; technokigy, .wouW not *e readfly 
rhpttyatedto tty orimderstahd that the prppess as disclosed In Document 
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D1 can be applied to a membrane of the type used in gas separation or 
pervaporation, the membrane being comprised of polyirofde. 

1 4 .In the process disclo$ed in Document D1, the coating solution penetrates 
into the pores of the membrane base by means of convection and diffusion 
mechanisms, thereby resulting In the crpsslinklng of the polymers and/or 
oligomerspri the coaflng solution) occurring on both the surfaces of the 
membrane base and the pores within the membrane base to form the 
selective barrier coating. 

1 5. On the other hand, as mentioned [n Statement 1 1 above, In the process as 
defined by the claims of the Application, the dertdrimere react only with the 
surface of the membrane. Only an Insignificant amount of the dendrlmers 
may penetrate underneath the syrface by diffusion. 

• ~ . . 16. In my view, a person skilled in the ait in reading the disclosure of 
\z) : WO99/40996, wiB hot be motivated to or be able to derive the present 

Invention, as defined, by the claims of the AppBcajton. J am also of the view 
. that the claims are not obvious to light of the dlsdosure of WO99/40998. 

Claims 1 , 4, 5, 8 to 1 5, 17, 29 arid 3Q,.to their <airrent forms, are therefore 

inventive over Document DT. 

AND i MAKE this solemn decleratioh, conscientiously believing the 
^taterftertts contained in this depteraftten to be true In every particular. 



'./■■■; > ""■ Ileal CHUNG Val-Shuhg '.' / 
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APPENDIX I 



CURRICULUM VITic«i«tOP. NEAL T. S. CHUNG 

Department of Chemical & Biomolccular Engineering, 
National (J of Singapore 
Tel: 6516*6645(0), Fax: 677^1936 
E»mafc Checfcts@nta.edtL&g 

Teclnikai: PLD, Gbemical Engineer spedalizing in niembrane science and engmeering, liquid/gas/ 
[pha anaoeutica l separation and high performance polymers 

• Expert and internationally known in membrane separation and liquid crystalline polymera. 
\\".;* Edited Board Men^ 

1. Separation and Purification Reviews ^farmer Separation and Purification Methods which 
tiad an Inipact&P^^ 6.6 m 2004) ■ 

2. Journal of Membrane Science (Impact Factor » 2.1 in 2004> 

3. Polymer Engineering and Science (Impact Factor ~ 1 .224 in 2004) 
*.,•... • • * 

Q . 4. Journal qf Applied Polymer Science (Irnpact Factor = 1.02 in 2004) 

5. Euro-Aaifltt Journal of Applied Sdences 

6. European Journal of Scientific Research 

♦ fcditor^^ 

: : > Oneof themosthighly dtedNUS professors with sdence c^ 
. tiinj»^ycariayeara2 

• • ¥ An author of 1 book, 1 1 book chapters, 2& journal papers and more, man 12frc0nfexence papers. 

» fceceivedi & D grants of about S$9 millioBS in last 10 years in NUS. . 

V ©aductedjerat reseat 
<2<to-20(HB,Me^ 



* A oi'fbe team mvente^ 
■ y^taeann^ 

; ' ' 5* An inventor of ab^ 

/ - . patent holdw 

}* r SeniorConsuJ^ ■ 



*■ tkatttmatrsditd infoflgerf al cftftajhflfty of mana^pg ttajM^JSmctjonal tfofrfr, p^JWrt rflamflrig, fotifr 
RADcollaborationitecl^ . 

: * progressed fipm Program Coordhiator, Program director, to the DtOuty Shiector of the Institute 
of Materials Research arid Engmeering (IMKJB) in 1996-20n0i, hand built me triggest R&D 
;#o^mlKGi5w^ . 
odadnctugw^MassR^ ' 

». * • . 

* A^ngoonaectiaATMaircseai^ 



EMPLOYMENT EXPERIENCE 

July 2001 Professor Dept of Chemical & Environmental Engineering, NUS 
to the present (toW/ww^^ 

Jan 2001 Cluster Director. Institute of Materials Research and Engineering (IMRE) 
to Aug 2001 * 

Lead fundamental; technology and mdustiy driven researches in die National Lab in the 
areas of Polymers and Chemicala for electronic devices, separation St purification, and 
controlled release devices. 

June 2000 Deputy Director, Institute of Materials Research and Engineering (IMRE) 
toDec2000 

Feb 2000 Professor IResearfehV Dept of Chemical & Envgonrngntal Engineering. NUS 
TdJu1v2001 

1998-2000 Program Director. The Advanced Polymers and Chemicals Progragy IMRE 

1995-2000 Associate Professor. Dent of Chemical A Environmental Bngmecdng, NUS 

19974998 Program Manager. The Advanced Polymers Program, IMRE 

1996*1997 Program Coordinator. The Advanced Polymers Group, IMRE 

199310 1995 ^aet^ao*^^ 

Aorcxjirip C^rj^teTechMidgy Lab 0 Ann Arbor, Michigan 

198810 Hesejunch Associate {equivalent to the Groop^Leader or Technical Manager) 

199% Hoech^Celai^^eseaichm 

1986 to Staff Engineer (eqnivatentto Project Leader), 

1988 Hoedist'£e£mese Research Division, New Jersey 

19.83 to Senior Resea rch Engineer. Heechst Ceknese Res^uch JC^orvNew Jersey 
1986- * 

1980*1983 Rese^ enj^^r. tfoecnat C^Unaese Bngiaeein^ Reams Company, New Jersey . 

1977-1980 fteseareh Assistant. Dept of Chem. Enfr r State Umveiaih/ of New York at Buffalo 

1975*1973. Research AsShrtorifc Dent of aenrtad Engmeerm$, National. Taiwaii University. 

PERSONAL 

Shn3ajxtePR,ti£^ 
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